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1. 

LED CHIP DESIGN FOR WHITE 
CONVERSION 

BACKGROUND 

The present invention relates to light emitting diodes. In 
particular, the invention relates to light emitting diodes that 
emit in relatively high frequencies within the visible spectrum 
(e.g., blue and violet) and that are used in conjunction with 
phosphors that convert Some of the light generated by the 
LEDs into complementary colors that together with the LED 
light produce white output. 

Light emitting diodes (LEDs) are a class of photonic semi 
conductor devices that convert an applied Voltage into light by 
encouraging electron-hole recombination events in an appro 
priate semiconductor material. In turn, Some or all of the 
energy released in the recombination event produces a pho 
tOn. 

Light emitting diodes share a number of the favorable 
characteristics of other semiconductor devices. These include 
generally robust physical characteristics, long lifetime, high 
reliability, and, depending upon the particular materials, low 
COSt. 
A number of terms are used herein that are common and 

well-understood in the industry. In such industry use, how 
ever, these terms are sometimes informally blended in their 
meaning. Accordingly, these terms will be used as precisely 
as possible herein, but in every case their meaning will be 
clear in context. 

Accordingly, the term “diode' or “chip” typically refers to 
the structure that minimally includes two semiconductor por 
tions of opposite conductivity types (p and n) along with some 
form of ohmic contacts to permit current to be applied across 
the resulting p-n junction. 

The term "lamp' is used to designate a light emitting diode 
that is matched with an appropriate electrical contact and 
potentially a lens to form a discrete device that can be added 
to or included in electrical circuits or lighting fixtures or both. 
As used herein, the term “package” typically refers to the 

placement of the semiconductor chip on an appropriate physi 
cal and electrical structure (sometimes as simple as a small 
piece of metal through which the electrical current is applied) 
along with a plastic lens (resin, epoxy, encapsulant) that pro 
vides some physical protection to the diode and can optically 
direct the light output. The package often includes a reflective 
structure, frequently formed of a polymer within which the 
diode rests. Adding a lens and electrical contacts typically 
forms a lamp. 

Appropriate references about the structure and operation of 
light emitting diodes and diode lamps include Sze, PHYSICS OF 
SEMICONDUCTOR DEVICES, 2d Edition (1981) and Schubert, 
LIGHT-EMITTING DIODES, Cambridge University Press (2003). 
The color emitted by an LED is largely defined by the 

material from which it is formed. Diodes formed of gallium 
arsenide (GaAs) and gallium phosphide (GaP) tend to emit 
photons in the lower energy (red and yellow) portions of the 
visible spectrum. Materials such as silicon carbide (SiC) and 
the Group III nitrides (e.g., AlGaN. InGaN. AlInGaN) have 
larger bandgaps and thus can generate photons with greater 
energy that appear in the green, blue and violet portions of the 
visible spectrum as well as in the ultraviolet portions of the 
electromagnetic spectrum. 

In some applications, an LED is more useful when its 
output is moderated or converted to a different color. In par 
ticular, as the availability of blue-emitting LEDs has greatly 
increased, the use of yellow-emitting phosphors that down 
convert the blue photons has likewise increased. Specifically, 
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2 
the combination of the blue light emitted by the diode and the 
yellow light emitted by the phosphor can create white light. In 
turn, the availability of white light from solid-state sources 
provides the capability to incorporate them in a number of 
applications, particularly including illumination and as light 
ing for color displays. 

Several types of structures are currently used for color 
conversion in white-emitting LEDs. In one structure and 
related technique, the LED chip is placed on a package and 
then substantially or entirely covered with a polymer resin 
that carries a dispersed phosphor and that forms the lens 
portion of the LED lamp. Although this is a straightforward 
structure and process, it produces a relatively high variation in 
color across the diode. 

In another technique, the phosphor is deposited directly 
upon or very near the chip surface, after which the lens resin 
is applied to fix the phosphor in place. This produces better 
color uniformity (lower CCT variation), a brighter output, 
and less undesired scattering. The corresponding disadvan 
tage, however, is that the phosphor must be positioned pre 
cisely during the fabrication process, thus increasing the cost 
of the process and of the resulting diodes. 

In a third option, the phosphor is applied in a “mini-glob: 
i.e., as a small amount of resin carrying a dispersed phosphor 
that is applied only to the surface of the LED chip. In a 
separate step, polymer resin without phosphor is added to 
produce the final lens and package. The mini-glob technique 
is relatively easy from a fabrication standpoint, tends to be 
less expensive, and offers a good compromise as between the 
dispersed resin technique and the phosphor-on-chip tech 
nique. The corresponding problem, however, is that the 
geometry of the chip and the mini-glob (e.g., FIG.1) results in 
a higher than desired emission of unconverted blue light. The 
mini-glob technique also depends on defining a meniscus of 
the resin that holds the phosphor. The outer edge of the chip is 
the easiest manner of defining Such a meniscus, but this pro 
duces a lack of output uniformity based upon the absence of 
phosphor at the edge of the meniscus. 

In a fourth option, a resin and phosphor are cast or molded 
into a pre-form (e.g., in the shape of a solid rectangle). The 
pre-form is then positioned adjacent the LED chip during the 
fabrication process. This produces a bright and dense output, 
but represents a relatively difficult fabrication. Accordingly, 
the fabrication and diode costs are relatively high. Addition 
ally, the pre-form technique produces a diode geometry that 
tends to suffer from the same blue leakage as the mini-glob 
technique. Another problem with the pre-form technique 
arises from the current spreading fingers that are typically 
used on an active layer, particularly a p-type active layer. 
These fingers tend to prevent the pre-forms from resting flush 
on the diode chip. The resulting gap between the pre-form and 
the diode surface allows high angle blue light to escape with 
out interacting with the pre-form. 

Representative descriptions of several of these structures 
are set forth in commonly-assigned and copending applica 
tion Ser. No. 60/745,478 for, “Side View Surface mount 
White LED, the contents of which are incorporated entirely 
herein by reference. Other representative packages include 
(but are not limited to) U.S. Patent Application Publication 
No. 2005O199884. 
The phosphors themselves raise another potential problem. 

As generally well understood in the art, a phosphor is a solid 
material that absorbs photons of one frequency and then emits 
photons of a different (typically lower energy) frequency or 
range of frequencies. When blue light emitting diodes are 
used to produce white light, yttrium aluminum garnet (YAG), 
often cerium doped, represents a useful and exemplary phos 
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phor. In use, YAG absorbs the blue frequencies such as those 
emitted by Group III nitride LEDs and converts the energy 
into a range of lower frequencies, with yellow being predomi 
nant. The combination of blue light from the LED and yellow 
from the phosphor produces an overall white emission. 

Conventionally, phosphors are produced by mixing the 
relevant precursors and sintering them under pressure at rela 
tively high temperatures (e.g. 1000° C.) and then mechani 
cally milling the sintered product. This produces a powder 
that can be incorporated into the resin lens on an LED chip. 

In the LED context, phosphor particles smaller than a cer 
tain size tend to avoid dispersing properly in the encapsulant, 
tend to exhibit a higher proportion of surface defects, and are 
less efficient in terms of white conversion and output. Thus, 
the phosphor particle size (based on the rough diameter 
across the particle) should be more than at least about 1 
micron (Lm) and preferably greater than 2 um to maximize 
efficiency. In many LED applications, phosphor particle sizes 
in the 2-25um range are generally preferred. 

These sizes are, however, large enough to be proportionally 
similar to certain dimensions of the LED chip. For example, 
and as illustrated in FIG. 1, larger particles are difficult or 
impossible to position at the edge of a mini-glob thus exac 
erbating the blue leakage problem. 
The blue light problem is also exacerbated because in a 

diode formed from a plurality of epitaxial layers, the majority 
of light is emitted in a generally vertical direction; i.e., if the 
surface of the diode chip were considered to be horizontal, 
then most of the light is emitted within about 70 degrees of 
a line perpendicular to the horizontal Surface. As a result, the 
phosphor particles are generally positioned to interact most 
efficiently with the more perpendicular emissions. 

Additionally, the power emitted at angles closer to the 
horizontal (i.e., within about 20° of the horizontal surface) is 
generally lower than the power emitted vertically which adds 
to the difficulty in balancing the conversion of the blue light 
with the phosphor. 

SUMMARY 

In one aspect the invention is a light emitting diode that 
includes an active portion, a raised border on the top Surface 
of the active portion and around the perimeter of the top 
surface of the active portion. A resin is in the space defined by 
the border and the top surface of the active portion and phos 
phor particles are in the resin to convert the frequencies emit 
ted by the active portion. 

In another aspect, the invention is a semiconductor precur 
Sor wafer. In this aspect, the invention includes a Substrate, a 
plurality of LED chip precursors on the wafer, with a plurality 
of the chip precursors having a perpendicular-oriented border 
along the perimeter of the LED chip surface. A plurality of the 
bordered chip precursors are filled with a polymer resin and a 
plurality of the resin-filled precursors have a phosphor in the 
resin. 

In another aspect, the invention is a light emitting diode 
structure that includes an active portion, a raised border on the 
top surface of the active portion and around the perimeter of 
the top Surface of the active portion, a resin pre-form resting 
on the raised border and above the top surface of the active 
portion, and phosphor particles in the resin pre-form that 
convert the frequencies emitted by the active portion. 

In another aspect, the invention is a method oftuning a light 
emitting diode by output. In this aspect, the invention com 
prises measuring a quantity selected from the group consist 
ing of color, radiant flux, and combinations thereof produced 
by a light emitting diode. The diode is then covered with an 
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4 
amount of phosphor combined with a polymer resin that 
produces a selected color based upon the measured color 
from the diode and the added phosphor in the resin 

In yet another aspect, the invention comprises a method of 
categorizing light emitting diodes by output. In this aspect, 
the invention includes the steps of probing a wafer that 
includes a plurality of LED precursors to measure a quantity 
selected from the group consisting of wavelength, radiant 
flux, and combinations thereof. A map is then created of the 
probed wafer according to the measured quantity, and an 
amount of phosphor in a resin is added to individual diodes on 
the wafer based upon the mapped output. The diodes are then 
separated and sorted by output. 

In yet another aspect, the invention is a method of forming 
a color-conversion light emitting diode. In this aspect, the 
invention comprises forming a raised border around the 
perimeter of the top surface of a light emitting diode chip and 
then filling the well created by the raised border with a poly 
mer resin carrying a dispersed phosphor that is responsive to 
the frequencies emitted by the diode chip and that emits 
responsive frequencies that are different from the frequencies 
emitted by the diode chip. 
The foregoing and other objects and advantages of the 

invention and the manner in which the same are accomplished 
will become clearer based on the followed detailed descrip 
tion taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional schematic view of a portion of a 
prior art mini-glob diode structure. 

FIG. 2 is a cross-sectional schematic view of a representa 
tive LED lamp. 

FIG.3 is a cross sectional schematic view of a portion of a 
mini-glob diode according to the present invention. 

FIG. 4 is a cross-sectional diagram of a pre-form diode 
structure according to the present invention. 

FIG. 5 is a cross-sectional Schematic diagram of a second 
version of a pre-form diode structure according to the present 
invention. 

FIG. 6 is a perspective view of a diode structure according 
to the present invention. 

FIG. 7 is a plot of color temperature versus chip geometry 
for prior art diodes. 

FIG. 8 is a schematic diagram of a wafer and associated 
diode precursors according to the present invention. 

FIG. 9 is a top plan view of one embodiment of the diode 
structure according to the present invention. 
FIG.10 is a cross-sectional view of another embodiment of 

the diode structure according to the present invention. 
FIG. 11 is a top plan view of the diode structure illustrated 

in FIG. 10. 

DETAILED DESCRIPTION 

The present invention is a light emitting diodestructure and 
in particular relates to the mini-glob type of structure referred 
to in the Background. To some extent, the invention can be 
understood with respect to certain aspects of the prior art. 
Accordingly, FIGS. 1 and 7 illustrate representative struc 
tures and characteristics of the prior art. 

FIG. 1 is a schematic cross-sectional diagram of a light 
emitting diode broadly designated at 10. It will be understood 
that FIG. 1, and the other figures herein, are schematic in 
nature for the purpose of illustrating certain aspects of the art 
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and of the invention. Additionally, FIGS. 1-5 are partial cross 
sections rather than complete cross-sections of the given 
diodes that they illustrate. 

In FIG.1, the diode 10 includes a substrate 11 and an active 
portion indicated by the arrows 12. In most circumstances, the 
active portion 12 will include at least two epitaxial layers that 
together form a p-n junction that emits photons when current 
is applied across the junction. 

FIG. 1 illustrates a mini-glob diode, a term which is used 
herein descriptively rather than for purposes of limitation. 
The term refers to the droplet of resin illustrated at 13 that is 
applied to and covers the surface of the active portion 12. The 
droplet 13 carries phosphor particles indicated by the dotted 
circles 14. As noted earlier, the phosphor particles 14 tend to 
work better for their intended purpose when they are rela 
tively large. Thus, as schematically illustrated in FIG. 1, the 
mini-globstructure tends to include a portion of the droplet 13 
near its edge where phosphor particles are too large to fit. 
The phosphor particles 14 are included for the purpose of 

generating an emission, symbolized by the arrow 15. In the 
case of white light emitting diodes, the active portion 12 tends 
to generate a blue emission symbolized by the arrows 16 and 
the phosphor particles 14 generate a yellow emission, the 
combination of which produces white light. At the edge of the 
active portion, the resin geometry is too small to include 
phosphorparticles 14 and thus the predominant emission is in 
the color (e.g. blue) generated by the active portion, rather 
than the desired blend of colors from both the active portion 
12 and the phosphor particles 14. 

FIG. 7 schematically illustrates the effect on output in a 
representative, rather than exact, plot of color temperature 
versus chip geometry. In FIG. 7 the y-axis represents color 
temperature and the X-axis represents the relative position on 
a chip, with 0 representing the center and -80 representing a 
position near the chip edge. The color temperatures (in the 
standard unit of Kelvin, K) are taken from the well understood 
CIE color temperature diagram. In this system, color tem 
perature is a simplified manner of characterizing the spectral 
properties of a light Source. Technically, the color tempera 
ture refers to the temperature to which a black body source 
would need to be heated to produce light of the indicated 
color. 

Using this system, color temperatures of about 2500-10, 
000 K represent various tones of white light. As FIG. 7 illus 
trates, however, near the edge of the diode chip, the color 
temperature increases rapidly to over 30,000 K; i.e. a blue 
emission. The net effect is a white or yellowish-white diode 
with a blue emitting edge. 

FIG. 2 places FIGS. 1 and 3-5 in context. Shown schemati 
cally, the mini-glob13 gives FIG. 1 the superficial appearance 
ofan LED lamp. In reality, however, FIGS. 1 and 3-5 illustrate 
LED chips. FIG. 2 clarifies the distinction by illustrating an 
LED lamp broadly designated at 20. The lamp 20 includes a 
package or header 21 and metal contacts 22 and 23 upon 
which the LED chip 10 (or one of the chips described later 
herein) is positioned. Respective wires 18 and 19 (or equiva 
lent structures) connect the active portion 12 to the contacts 
22 and 23. A lens 24 covers the chip 10 and all of the other 
elements described with respect to FIG.1. The lens 24 may be 
made of the same or a different resin from that of the droplet 
13. 

FIGS. 3, 4 and 5 illustrate LED chip embodiments accord 
ing to the present invention. Starting with FIG. 3, a light 
emitting diode is broadly designated at 27 and includes an 
active portion 30. A raised border 31 is on, generally perpen 
dicular to, and around the perimeter (e.g. FIG. 6) of, the top 
surface 32 of the active portion 30. In exemplary embodi 
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6 
ments, the raised border is on the order of about 50 microns 
high. A resin 33 fills the space defined by the border 31 and the 
top surface 32. The phosphor particles 34 are in the resin 33 
and represent a phosphor that will convert frequencies emit 
ted by the active portion 30. 
As used herein, the term “perpendicular-oriented' is not 

limited to 90° angles and can also refer to a physical edge or 
edge structure that extends upwardly from the chip and that 
will help retain the polymer resin in the described and illus 
trated manner. Thus (for example), a border that included an 
edge set at 45° relative to the chip surface would necessarily 
include portions that were perpendicularly above the chip 
Surface and that served to retain the resin in place on the chip 
with more than just the meniscus. 

Similarly, as used herein, the phrase “around the perim 
eter' is descriptive rather than limiting of the invention. Thus, 
the raised border need not align perfectly with the perimeter, 
and borders set marginally inside the chip perimeter will 
serve the intended purpose. 
As set forthin the background, because the invention offers 

advantages in the production of white light emitting diodes, 
the active portion 30 is typically formed from the Group III 
nitride material system. As indicated by the breakout portion 
of FIG. 3, in many circumstances, the active portion will 
include a double heterostructure of at least one layer 35 of 
indium gallium nitride (InGaN) between adjacent layers 36 
and 37 of gallium nitride (GaN). The GaN layers 36 and 37 
are doped oppositely from one another (i.e., one is n-type and 
one is p-type) to provide for current injection across the active 
layer 35. 

Those familiar with light emitting diodes will recognize 
that the active portion 30 can also include homojunctions, 
single heterojunctions, Superlattice structures and multiple 
quantum wells. 
When indium gallium nitride is used as the active layer 35, 

an atomic fraction of indium of about 0.2 (i.e., Ino, GaosN) is 
typically preferred because it provides a desired output and 
because larger atomic fractions of indium tend to form less 
stable compounds. 

In FIG. 3 the active portion 30 is positioned upon a sub 
strate or other Supporting structure 40 which is most typically 
selected from the group consisting of silicon carbide, Sap 
phire, and Sub-mounting structures. Each of these has respec 
tive advantages that are well understood in the art. Silicon 
carbide can be conductively doped to provide a vertically 
oriented diode. Sapphire has favorable optical characteristics, 
but cannot be conductively doped and thus limits the structure 
to horizontal geometries. Sub-mounting structures can be 
formed of a number of materials and offer advantages interms 
of the fabrication, heat transfer properties and geometries of 
the diodes in the diode lamps. 
The raised border 31 is typically selected from the group 

consisting of metals, semiconductors and ceramics. Metals 
can be deposited in a well-understood manner analogous to 
other types of semiconductor patterning and lithography. 
Semiconductors and ceramics can be applied with generally 
well-understood deposition and etching steps to produce the 
desired structure in a manner directly analogous to forming 
other structures of similar size. The border can also beformed 
by dispensing a solder and then reflowing it in a well under 
stood technique or by depositing or molding a ceramic Such as 
aluminum oxide (Al2O), titanium dioxide (TiO), or silicon 
dioxide (SiO). These compositions are typically white in 
color with high reflectivity and thus help with the light scat 
tering function of the raised border. 
As FIG. 3 illustrates, the raised border 31 permits the 

droplet 33 of resin to fill a well rather than to form a meniscus 
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at the chip edge. As a result, the thickness or depth of the resin 
33 at the edge of the active portion 30 can be greater (higher) 
against the raised border 31 than it could be if it formed a 
meniscus against the chip Surface 32 (e.g., FIG. 1). This in 
turn allows more and larger particles of the desired phosphor 
to be present at the physical edge of the active portion 30. This 
in turn minimizes or eliminates the possibility that photons 
from the chip or active portion 30 will be emitted without 
interacting with the phosphor 34 or blending with the yellow 
frequencies emitted by the phosphor 34. The invention also 
permits a flat-fill (rather than domed) mini glob technology if 
desired. 

Additionally, in diodes of this type, a higher percentage of 
Vertical light is easier to manage and the invention helps 
provide this advantage. 

In exemplary embodiments (e.g., the Group III nitrides), 
the active portion 30 emits in the blue portion of the visible 
spectrum and the phosphor 34 down-converts the blue emis 
sion from the diode into predominantly yellow frequencies. 

Because of the expected frequencies, the resin 33 is typi 
cally selected from the group consisting of polymethyl 
methacrylate (PMMA), polycarbonate, polysiloxane and 
polyester. The polysiloxane resins are particularly advanta 
geous for the resin 33 because they are less affected by the 
relatively high energy blue photons produced by the Group III 
nitride material system. Similarly, yttrium aluminum garnet 
(“YAG”, usually doped with cerium) represents an exemplary 
phosphor for down-converting the blue frequencies into pre 
dominantly yellow frequencies. 

It will be understood, however, that although producing 
white light from the combination of a blue light emitting 
diode and a yellow phosphor is particularly useful, the struc 
tural aspects of the invention are not limited to these colors. 
Accordingly, phosphors that emit other colors, or LEDs that 
emit other colors, can be combined to produce desired output 
colors (e.g., CIE chromaticity coordinates). Additionally, the 
term “white' is somewhat subjective and different end users 
may desire or require specific hues that can be produced with 
specific LED-phosphor combinations. Furthermore, the 
white output from several different lamps can be combined to 
produce a final “white' (or any other color choice) at the 
system level. 

FIG. 3 also illustrates that the diode 27 can include a 
lenticular Surface 26 for increasing the light extraction from 
the active region. Representative Surfaces include, but are not 
limited to, those described in U.S. Patent Application Publi 
cation No. 20070037307, the contents of which are incorpo 
rated entirely herein by reference. 

FIGS. 4 and 5 illustrate embodiments that use a pre-form 
version of the technology. FIG. 4 illustrates a chip at 42 that 
includes a Substrate 43 (or equivalent Sub-mounting struc 
ture) and an active layer (or layers) 44. As in FIG. 3, the 
surface 45 of the active portion 44 can include lenticular 
features 46. The raised border is illustrated at 47. In the 
embodiment illustrated in FIG. 4, the raised border 47 does 
not need to be continuous around the edge of the chip because 
it does not need to hold a droplet of liquid resin as part of the 
fabrication process. Instead, a solid pre-form 50 carrying the 
phosphor particles 51 rests on the raised border 47. In a 
manner analogous to the advantages of the previous embodi 
ment, this permits the pre-form 50 to match or exceed the size 
of the top surface 45 of the active portion 44. This in turn 
minimizes or eliminates the possibility that photons (again 
typically blue photons) from the active portion 44 will be 
emitted without either blending with yellow light from the 
phosphor 51 or being converted from blue frequencies into 
yellow frequencies by the phosphor 51. 
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FIG. 5 illustrates some of the other advantages that can be 

provided by the raised border. In FIG. 5, the diode is broadly 
designated at 53 and again includes a Substrate 54 and an 
active portion (or layers) 55. The raised border (and it will be 
understood that the drawing is not necessarily to Scale) is 
illustrated at 56. An ohmic contact 57 is made to the active 
portion 55 and is further connected, typically with solder 62 
and a wire or equivalent 61. The absence of any Such struc 
tures inside of the raised border 56 greatly simplifies the task 
of positioning either a droplet or the perform 62 onto the 
relevant part of the active portion 55. 

In addition to the optical advantages described with respect 
to FIGS. 3 and 4, in this diode 53 the raised border 56 defines 
a space free of any wire bond structure or geometry into 
which the phosphor-carrying resin can be added. The resin 
and phosphor can be added either as a droplet analogous to 
FIG. 3 or as the pre-form 62 illustrated in FIG. 5 with the 
phosphor particles 63. 

FIG.5 illustrates the ohmic contact 57 outside of the raised 
border 56. Additionally, the LED53 could have a center bond 
pad which could be raised to the level of the border 56 and 
with phosphorand resin filling the border around the centered 
ohmic contact. A wire bond connection could then be made to 
the center raised post. This could be made, for example, by 
bump bonding the center bond pad, filling the well with the 
phosphor-encapsulation mix, and then wire bonding to the 
top of the bump pad. 

FIGS. 10 and 11 illustrate another manner of using the 
preform. In this embodiment, the diode is broadly designated 
at 87 and includes the substrate 54 and active portion 55 in a 
manner directly analogous to the embodiment illustrated in 
FIG.5. In this embodiment, however, the preform 90 carrying 
the phosphor particles 63 includes a cut out 91 that substan 
tially matches an interior bond pad 92 on the active portion 
55. The cutout 91 and the bond pad 92 are shaped and sized to 
register with one another so the preform can be pressed or 
otherwise placed on the bond pad 92. FIG. 10 illustrates the 
bond pad 92 in square cross-section, but it will be understood 
that when taken in top plan view (e.g. FIG. 11), the bond pad 
92 could be circular, Square, rectangular or some other appro 
priate shape. In this embodiment, the raised border 56 can be 
optional because the registration between the interior bond 
pad 92 and the opening 91 in the preform 90 produces the 
intended positioning of the phosphor 63 with respect to the 
active portion 55. A wire 93 provides an electrical connection 
to the diode 87 in an otherwise conventional manner. 
The relevant materials for the embodiment shown in FIGS. 

4 and 5 can be the same as those described with respect to 
FIG. 3. Thus, the active portions 44 and 55 are typically 
formed from Group III nitride material system and emit in the 
blue portion of the visible spectrum. The phosphor 51 and 63 
is typically cerium-doped YAG and emits predominantly in 
the yellow portion of the spectrum. The substrates 43 and 54 
can again be selected from among silicon carbide, Sapphire, 
and other sub-mounting structures. The resin pre-forms 50 
and 62 respectively can be formed of any of the indicated (or 
other) relevant resin, with the polysiloxanes being particu 
larly advantageous because of their stability with respect to 
high frequency blue emissions. 

FIG. 6 is a schematic diagram of a diode precursor broadly 
designated at 65 illustrating some of the elements from FIGS. 
3, 4 and 5 in perspective fashion. In particular, and with the 
reference to FIG.3, the diode 65 includes the substrate 40 and 
two active layers illustrated at 66 and 67. The raised border 31 
and the top surface 32 of the active portion formed by the 
epilayers 66 and 67 define a well 70 into which the droplet of 
phosphor-containing resin can be placed with the advantages 
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just described. Additionally, FIG. 6 illustrates how a pre-form 
such as those illustrated in FIGS. 4 and 5 (50 and 62 respec 
tively) can be supported on the raised border 31. 

In another aspect, the invention is a semiconductor precur 
sor wafer. Aspects of this embodiment are illustrated in FIG. 
8 which is a schematic top plan view of a wafer broadly 
designated at 72. In many circumstances, the wafer is not 
entirely circular, but includes one straight edge 74 referred to 
as the primary flat, and a second straight edge 75 referred to as 
the secondary flat. The straight edge of the primary flat is 
typically oriented so that the chord is parallel with a specified 
index crystal plane. The secondary flat is typically shorter 
than the primary flat and its position with respect to the 
primary flat identifies the face of the wafer. 
The wafer 72 includes a plurality of LED chip precursors 

76 on the Substrate 73. It will be understood that in the 
schematic view of FIG. 8, the individual LED chip precursors 
are illustrated as proportionally large rather than to actual 
scale. As in actual practice, some positions exist where flaws 
or defects prevent the completion of an LED precursor (or 
produce a defective precursor) and these are schematically 
represented by the empty positions. The chip precursors are 
typically formed of epitaxial layers of the light emitting semi 
conductor and potentially include Some metal layers (for 
immediate or eventual electrical contact) and potentially 
Some isolation structure for separating the individual diodes 
76 from one another. These isolation structures can include 
edge trenches or deposited passivation materials, both of 
which are generally well understood in the art and will not be 
described in detail herein. 
A plurality, and preferably all, of the chip precursors 76 

include the raised border described with respect to the indi 
vidual chip embodiments. In turn, a plurality (and preferably 
all) of the bordered chip precursors are filled with the polymer 
resin and a plurality (and preferably all) of the resin filled chip 
precursors include a phosphor in the resin. 
As in the earlier embodiments, the substrate is typically 

selected from among silicon carbide, Sapphire and Sub 
mounting structures and the chips are formed from the Group 
III nitride material system. 

Because each chip precursor 76 contains the raised border, 
the invention provides some fabrication advantages over con 
ventional techniques. For example, in some embodiments 
each of the chip precursors 76 includes an identical compo 
sition of phosphor and an identical amount of the phosphor in 
the resin. Alternatively, in other embodiments different chip 
precursors can include different amounts of the phosphor, or 
different phosphor compositions, or different resin composi 
tions, or combinations of these differences. 
As in the previous embodiments, the resins are selected 

from among the group consisting of PMMA, polycarbonate, 
polysiloxane, and polyester. The raised borders are again 
selected from the group consisting of metals, semiconductors 
and ceramics. 

In the preferred embodiments, the chip precursors emit in 
the blue portion of the spectrum and the phosphor down 
converts the blue frequencies into predominantly yellow por 
tions of the visible spectrum. 

The structural features of the invention in turn provide the 
opportunity for novel methods of categorizing both indi 
vidual diodes and groups of light emitting diodes. Thus, and 
again using FIG. 8 as an example, the invention is a method 
that includes the steps of probing the wafer 72 that includes 
the plurality of LED precursor 76 to measure a quantity 
selected from the group consisting of wavelength, radiant 
flux, and combinations of these properties. The method then 
includes the step of creating a map of the probed wafer 
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10 
according to the measured quantity and adding an amount of 
phosphor in a resin to individual diodes on the wafer based 
upon the mapped output. The diodes can then be separated 
and sorted by output. 

This offers the advantage of categorizing diodes by color 
while they are on the wafer rather than after they have been 
separated and packaged. Sorting the diodes at the wafer struc 
ture, rather than after they are separated, has significant 
advantages in efficiency and yield of the fabrication process. 

Stated differently, the blue frequencies range from about 
455 to about 490 nanometers within the visible spectrum. For 
a number of reasons, the emissions from individual diodes 
can differ from diode to diode across a single wafer. Thus, the 
probing step (the term “probing” being used generally rather 
than specifically) can be used to identify the different blue 
frequencies emitted by the individual diodes (or groups of 
diodes). Based upon the different emissions, the composition 
or amount (or both) of phosphor added to each individual 
diode can be tailored to that diode while the diode is still on 
the wafer to produce the desired light output. 
As an alternative or complementary step, the wafer can also 

be probed and mapped according to color after the phosphor 
has been added to the diode precursors. Stated differently, the 
diodes can be mapped according to their blue emission before 
the phosphor is added, or they can be mapped according to 
their white emission after the phosphor has been added, or 
both. 
As described earlier, the phosphor can be added as a liquid 

droplet carrying the phosphor, as a pre-form. 
Although the invention offers particular advantages for 

tailoring the output of diodes while they are on the wafer, such 
tailoring can also be applied to individual diodes in an entirely 
analogous manner. 

In yet another aspect, the invention comprises the method 
of forming the color conversion light emitting diode. In this 
aspect, the invention includes the steps of forming the raised 
border around the perimeter of the top surface of the diode 
chip and then filling the well created by the raised border with 
the polymer resin carrying the dispersed phosphor that is 
responsive to the frequencies emitted by the diode chip and 
that emits response to frequencies that are different from the 
frequencies emitted by the diode chip. 
As in the structural embodiments, the step of forming the 

raised border can be selected from among the steps of depos 
iting a metal, a ceramic, or another semiconductor. 

In some cases, the step of forming the raised border can 
comprise etching a silicon carbide Substrate. 

In the context of white light emitting diodes, the method 
comprises forming the raised border on a blue light emitting 
diode chip and filling the well with the polymer resin that 
carries a dispersed phosphor that emits predominantly in the 
yellow frequencies. If desired, the blue output of the chip can 
be measured at this point, following which the resin and 
phosphor are added in a combination that will produce a 
desired color coordinate of white light based upon the mea 
sured frequency output of the diode chip and the output of the 
phosphor. 

FIG.9 is a top plan view of another embodiment of a diode 
broadly designated at 80 according to the present invention. 
In this embodiment the raised border is formed of metal and 
is designated at 81. Wire bond pads for the diode form the 
corners 82. A number of current spreading fingers 83 and 84 
are included within the well formed by the border 81 and the 
surface 85 of the active portion. This embodiment illustrates 
how the border can redirect low angle light to obtain greater 
quantum efficiency as well as illustrating a universal orienta 
tion for attaching the chip (because each side is identical). 
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This also provides the ability to string multiple chips together 
in series or parallel, because in this embodiment, the raised 
border 81 can actually form part of the current spreading 
fingers. 

In the drawings and specification there has been set forth a 
preferred embodiment of the invention, and although specific 
terms have been employed, they are used in a generic and 
descriptive sense only and not for purposes of limitation, the 
Scope of the invention being defined in the claims. 
The invention claimed is: 
1. A light emitting diode comprising: 
a Support structure; 
an epitaxial active portion on said Support structure; 
a raised border on a top surface of said active portion, 

opposite said Support structure, wherein said raised bor 
der defines a first space on said top Surface of said active 
portion, said first space receives a resin, and said raised 
border defines a second space, wherein said second 
space is between an edge of said active portion and said 
raised border; 

said resin laterally confined within said first space defined 
by said raised border and said top surface of said active 
portion; 

phosphor particles in said resin that convert the frequencies 
emitted by said active portion, wherein said raised bor 
der is arranged such that said phosphor particles occupy 
a portion of said resin near said raised border; and 

an ohmic contact to said top surface of said active portion, 
wherein said ohmic contact is outside said raised border. 

2. A light emitting diode according to claim 1 wherein said 
active portion is formed from the Group III nitride material 
system. 

3. A light emitting diode according to claim 2 wherein said 
active portion comprises indium gallium nitride. 

4. A light emitting diode according to claim 2 wherein said 
active portion is on a Supporting structure selected from the 
group consisting of silicon carbide, Sapphire, and Sub-mount 
ing structures. 

5. A light emitting diode according to claim 1 wherein said 
raised border is selected from the group consisting of metals, 
semiconductors, and ceramics. 

6. A light emitting diode according to claim 1 wherein said 
resin is a polysiloxane resin and said phosphor is yttrium 
aluminum garnet. 

7. A light emitting diode according to claim 1 comprising 
an active portion that emits in the blue portion of the spectrum 
and a phosphor that down-converts the blue emission from the 
diode into predominantly yellow frequencies. 

8. A light emitting diode according to claim 1 wherein said 
resin is selected from the group consisting of PMMA, poly 
carbonate, polysiloxane, and polyester. 

9. A light emitting diode according to claim 1, wherein said 
raised border is substantially around the perimeter of the top 
Surface of said active portion. 

10. A light emitting diode comprising: 
a Support structure; 
an epitaxial active portion on said Support structure; 
a raised border on a top surface of said active portion, 

opposite said Support structure, and around a perimeter 
of the top surface of said active portion, wherein said 
raised border defines a first space receives a resin and 
said raised border defines a second space between an 
edge of said active portion and said raised border, 
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12 
said resin in the first space defined by said raised border and 

said top Surface of said active portion; 
phosphorparticles in said resin that convert the frequencies 

emitted by said active portion, wherein said raised bor 
der is arranged such that said phosphor particles occupy 
the portion of said resin near said raised border, and 

an ohmic contact to said top Surface of said active portion, 
wherein said ohmic contact is outside said raised border. 

11. A semiconductor precursor wafer comprising: 
a Support structure; 
a plurality of LED precursors on said Support structure; 
a plurality of said LED precursors comprising a raised 

border on the perimeter of an LED precursor surface 
opposite said Support structure, wherein said raised bor 
der defines a first space on said LED precursor Surface, 
said first space receives a polymer resin and said raised 
border defining a second space, wherein said second 
space is between an edge of said LED precursor Surface 
and said raised border; 

a plurality of said bordered LED precursors comprising 
said polymer resin, wherein said polymer resin is later 
ally confined within the first space defined by said raised 
border and the LED precursor surface; 

a plurality of said resin-filled LED precursors comprising 
phosphor particles in said resin, wherein said raised 
border is arranged such that said phosphor particles 
occupy the portion of said resin near said raised border. 

12. A semiconductor precursor wafer according to claim 11 
wherein said Substrate is selected from the group consisting 
of silicon carbide, Sapphire, and sub-mounting structures. 

13. A semiconductor precursor wafer according to claim 11 
wherein said LEDs are formed from the Group III nitride 
material system. 

14. A semiconductor precursor wafer according to claim 11 
wherein each of said LED precursors includes an identical 
composition and amount of phosphor in said resin. 

15. A semiconductor precursor wafer according to claim 11 
wherein different LED precursors include different amounts 
of phosphor in said resin. 

16. A semiconductor precursor wafer according to claim 11 
wherein different LED precursors include different phosphor 
compositions in said resin. 

17. A semiconductor precursor wafer according to claim 11 
wherein different LED precursors include different resin 
compositions. 

18. A semiconductor precursor wafer according to claim 11 
wherein said resin is selected from the group consisting of 
PMMA, polycarbonate, polysiloxane, and polyester. 

19. A semiconductor precursor wafer according to claim 11 
wherein said perimeter borders are selected from the group 
consisting of metals, semiconductors, and ceramics. 

20. A semiconductor precursor wafer according to claim 11 
wherein said LED precursors emit in the blue portion of the 
spectrum and said phosphor is a phosphor that down-converts 
the blue emission from the LED precursors into predomi 
nantly yellow frequencies. 

21. A semiconductor precursor wafer according to claim 
11, a plurality of said LED precursors comprising an ohmic 
contact to said top surface of said active portion, wherein said 
ohmic contact is outside said raised border. 
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